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Abstract: In the presence of a Ni/phosphine ligand catalyst, dimethylzinc, alkyne, butadiene, 
aldehyde, and primary amine were successively combined via dimerization of butadiene to 









 Multi-component coupling reaction can be challenging, yet offer one of the most efficient 
and versatile synthetic strategies for C-C bond formation.1  For the oligomerization and 
polymerization of butadiene, the use of a Ni/phosphine ligand catalyst allowed the formation 
of an η1,η3-allylnickel species, which then reacted with aldehydes to provide complex 
mixtures of regio- and stereoisomers of dienyl and trienyl homoallyl alcohols.2  
Unfortunately, precise control of the nucleophilic allylation of carbonyls by butadiene, by 
virtue of oxidative cyclization of butadiene with Ni(0) complexes, has proved to be extremely 
problematic so far (Scheme 1).3 
 
< Scheme 1 > 
 
 Recently, we have developed a highly regio- and stereo-controlled methodology of C-C 
bond formation featuring a Ni-catalyzed, five-component coupling reaction involving 
dimethylzinc, alkyne, butadiene, aldehydes, and primary amines.4  The reaction scheme, 
however, was dependent on the type of amines: aromatic amines provided 
3,6-octadienylamines, whereas aliphatic amines furnished 3,7,10-dodecatrienylamines via 
bis-butadiene Ni(0) complex.  Herein, we disclose that the Ni/phosphine ligand catalyst can 
readily promote the dimerization of butadiene to generate an η1,η3-allylnickel species (as an 
octadienyl carbanion), followed by a multi-component coupling reaction involving alkyne, 
aldimines, and dimethylzinc to afford (3E,7E,10Z)-dodecatrienylamine in excellent yields, 
irrespective of the amine. 
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 The coupling reaction was carried out as follows.  A mixture of p-anisidine and 
benzaldehyde in dry THF was stirred at room temperature.  Into a flask containing nickel 
catalyst and phosphine ligand purged with nitrogen were successively THF, the above 
prepared solution via cannula, butadiene, 3-hexyne, and Dimethylzinc, and the reaction 
mixture was stirred at room temperature.5  As summarized in Table 1, the reaction course 
was significantly influenced by phosphine ligands.  In the presence of PPh3, the reaction was 
predominated over the multi-component coupling involving dimerization of two molecules of 
butadiene providing dodecatrienylamine 2a in excellent yield (Table 1, run 2). 
 
< Table 1 > 
 
 Other bidentate phosphine ligands such as dppe, dppp, dppb, and dppf displayed similar 
reactivities affording 2a in good to excellent yields (Table 1, runs 2-6).  In the absence of 
phosphine ligands, however, the Ni catalyst promoted the five-component successive 
coupling reactions of dimethylzinc, alkyne, butadiene, aldehyde, and amine to afford 
dienylamine 1a in a high yield (Table 1, run 1). 
 As shown in Table 2, our multi-component coupling reaction involving the Ni/phosphine 
ligand catalyst was applied to a wide variety of aldehydes.  For aromatic aldehydes with an 
electron-donating group or a halogen (Table 2, runs 1-4), the multi-component coupling 
reaction proceeded smoothly, in which the presence of PPh3 accelerated the dimerization of 
butadiene to exclusively afford trienylamines 2.  For aliphatic aldehydes, the presence of 
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PPh3 favored the formation of trienylamine 2, whereas its absence favored dienylamine 1 
(Table 2, runs 5-8).  The stability of the present reaction in the presence of water, which is 
generated during the in situ formation of an aldimine between the aldehyde and primary 
amine, encouraged us to investigate in detail our coupling reaction using cyclic hemiacetals.6  
Depending on the catalytic system, 2-hydroxy-1-oxacyclopentane-p-anisidine imine afforded 
dienylamino alcohol 1f or trienylamino alcohol 2f (Table 2, runs 9 and 10); similarly, 
2-hydroxy-1-oxacyclohexane-p-anisidine imine underwent the coupling reaction to afford the 
corresponding amino alcohols (Table 2, runs 11 and 12). 
 
< Table 2 > 
 
 In the presence of PPh3, aldimine composed of aromatic amine tends to undergo 
dimerization of butadiene to provide trienylamines 2h–2j in excellent yields (Table 3, runs 
1-3).  On the other hand, aliphatic amine gave trienylamine 2, irrespective of the presence of 
PPh3; for example, benzylamine-imine provided trienylamine 2k exclusively, even in the 
absence of PPh3 (Table 3, run 4).  Diphenylacetylene served as a capable carbon source in 
providing the desired coupling product 2, as well as 3-hexyne (Table 3, run 5). 
 
< Table 3 > 
 
 The proposed reaction mechanism for the multi-component coupling reaction catalyzed by 
Ni/phosphine ligand catalyst is shown in Scheme 2.  Aromatic amine-imines would react 
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with mono butadiene-Ni(0) species I, in the presence of dimethylzinc, to form 
azanickelacyclo intermediate III providing dienylamine 1 by virtue of the insertion of alkyne.  
On the other hand, for less reactive aliphatic amine-imines, the potential of I to undergo 
oxidative cyclization might be insufficient to lead to III.7  Thus, a small equilibrium 
concentration and the less populated bis-butadiene-nickel(0) complex IV is assumed to 
display higher reactivity than I owing to its greater polarizability, and would be followed by 
cis-insertion of an alkyne at the terminal carbon of the allylnickel moiety giving rise to 
trienylamine 2 through azanickelacycle intermediate VII.8  The reaction feature of these 
multi-component coupling reactions is consistent with the insertion of alkynes toward an 
π-allylnickel(II) complex to form 1,4-pentadienyl nickel intermediate.9  In the presence of 
PPh3, the butadiene would quickly dimerize to give more nucleophilic bis-π-allylnickel 
speceis VI,10 which would readily participate in the reaction with aldimines to provide 
trienylamine 2 via insertion of an alkyne involving the similar allylnickel intermediate VII, 
irrespective of the nature of the primary amines. 
 
< Scheme 2 > 
 
 In summary, we have developed a Ni-catalyzed multi-component coupling reaction with 
alkyne, aldimines, and dimethylzinc to afford (3E,7E,10Z)-dodecatrienylamine in excellent 
yields via an η1,η3-allylnickel species, involving the dimerization of butadiene induced by 
phosphine ligands.  The applicability and scope of this method for the asymmetric syntheses 
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Table 1. Ni-catalyzed multi-component connection reaction of 




































a Reaction conditions: PhCHO (1 mmol), PMPNH2 (2 mmol) in THF (2 mL) at
room temperature, and then Ni(acac)2 (0.1 mmol), PPh3 (0.2 mmol) or bidentate 
phosphine ligand (0.1 mmol) in THF (3 mL), 3-hexyne (4 mmol), butadiene (4




























































a Reaction conditions: PhCHO (1 mmol), PMPNH2 (2 mmol) in THF (2 mL) at
room temperature, and then Ni(acac)2 (0.1 mmol), PPh3 (0.2 mmol or none) in
THF (3 mL), 3-hexyne (4 mmol), butadiene (4 mmol), Me2Zn (3.6 mmol) at room 




























































































a Reaction conditions: PhCHO (1 mmol), amine (2 mmol) in THF (2 mL) at room
temperature, and then Ni(acac)2 (0.1 mmol), PPh3 (0.2 mmol) in THF (3 mL), alkyne 
(4 mmol), butadiene (4 mmol), Me2Zn (3.6 mmol) at room temperature. b 2k was







Scheme 1. Ni/PPh3 promoted C-C bond formation via bis-π-allylnickel
highly complex mixture of 
regio- and stereoisomers, 










Scheme 2. Ni-catalyzed selective coupling reaction of 





















































































(0.5 mmol)(4 mmol) (4 mmol)
(eq 1)
